Abstract: A method is derived for instantaneous source-range estimation in a horizontally
knowledge of the wave propagation environment, and are susceptible to large systematic errors from mismatch when such information is not available [7, 8] .
The range of a source in a horizontally stratified ocean waveguide can sometimes also be estimated by the much simpler waveguide invariant method [9, 10] , which employs only incoherent processing of acoustic intensity as a function of range and bandwidth. The waveguide invariant method, however, requires knowledge of the certain "invariant" parameters. But these vary significantly with ocean sound speed structure. It also requires a sufficiently large number of waveguide modes to significantly contribute to the measured field. These cause the interference structure necessary in frequency and source-receiver range for the method to produce a unique solution. The method then also requires dense sampling in frequency and source-receiver range. This leads to joint ambiguity in source-receiver range and velocity when the application involves single-sensor measurements. This ambiguity disappears when the application involves arrays of sufficient horizontal aperture and sampling. None of the usual benefits of increased signal-to-noise ratio at the array output appear, however, because only incoherent processing of spatial samples is performed.
Here we show that instantaneous source range estimation is possible in a horizontally stratified ocean waveguide by a computationally inexpensive method that has significant advantages over the waveguide invariant method because it requires neither a priori knowledge of environmental parameters nor multiple modes in the received field. The approach is based on analysis of passive beam-time intensity data from receiving arrays with horizontal or vertical aperture. We show that maximum beam-time intensity migrates along an angle that is invariant to environmental parameters but follows a known and unique dependence on source-receiver range. The formulation introduced here is specifically for broadband transient source signatures. A more involved but more general formulation that can treat continuous broadband noise signatures, however, is possible [11] . Range estimation by the array invariant method is also advantageous because it fully exploits the coherent gain of preliminary but standard beam-time array processing. Horizontal source localization is also achieved when the receiving array has sufficient horizontal aperture to resolve source bearing. An example of beamformed pressured field received by a horizonatal line array after standard time domain beamforming is shown in Fig. 1 , where migration of the beamformed field in array scan angle and time domain can be observed. This migration due to waveguide dispersion can be shown to be independent of the environmental parameters, but depends only on the source location in a known, unique way. This property enables instantaneous range estimation of a source in an ocean waveguide with no a priori knowledge of the environment.
